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(57) Abstract 

The present invention provides recombinant raccoon poxviruses (RRPVs) useful in vaccines for the prophylaxis of disease caused by 
feline immunodeficiency virus (FIV). RRPVs according to the invention have at least one internal gene comprising a DNA sequence that 
encodes FIV gag protein (gagX FIV enveloppe protein (env\ a polypeptide consisting of amino acids 1-735 of nv env, or immunogenic 
fragments of any of the foregoing. The vaccines that comprise one or more of the FIV-expressing recombinant raccoon poxviruses described 
above may also comprise a ^armaceutically acceptable carrier or diluent and a pharmaceutically acceptable adjuvant The invention also 
provides methods for preventing or lessening disease caused by FT/, which is carried out by administering to a feline in need of such 
treatment the vaccines described above. 
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RECOMBEsfANT RACCOON POX VIRUSES AND THEIR USE 
AS AN EFFECTIVE VACCINE AGAINST FELINE 
IMMUNODEFICIENCY VIRUS INFECTION 

FIELD OF THE TNVFNTTON 

The present invention pertains to the prophylaxis of disease caused by 
feline immunodeficiency virus (FTV), using as vaccines recombinant raccoon poxviruses 
(RRPVs) expressing the gag and envelope proteins of FIV. 

BACKCTOITND OF THF INVENTTON 

Feline immunodeficiency virus (FTV) infection is a significant health 
problem for domestic cats aroimd the world. As in its human counterpart, infection with 
FIV causes a progressive disruption in immune function. In the acute phase of infection, 
the virus causes transient iUness associated with symptoms such as lymphadenopathy, 
pyrexia, ancj neutropenia. Subsequently, an infected animal enters an asyn^tomatic phase 
of 1-2 years before clinical manifestations of immune deficiency become apparent, after 
which the mean survival time is usually less than one year. 

FIV is a typical retrovirus that contains a single-stranded polyadenylated 
RNA genome, internal structural proteins derived from the gag gene product, and a lipid 
envelope containing membrane proteins derived from the env gene product (Bendinelli et 
al., Clin.MicrobioLRev, 8:87, 1995). The gag gene is translated into a primary product of 
about 50 kl>a that is subsequently cleaved by a viral protease into the matrix, capsid, and 
micleocapsid proteins. The env gene yields a primary translation product of 75-80 kDa 
(unglycosylated molecular weight); in infected cells, the precursor has an apparent 
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mol^ular weigh, of 145-150 RDa due ,„ N-Iiriced glyeosyUdon. He en. precursor is 
Cloved u. ae Golgi appara^s into U,e SU a.«l TM pro«„ ^^ 

gp40, respectively). 

Most vaccines agaii«, FIV have failed ,o induce proKcive in™un„ 
toeffecnve vaccines have involved inacdva^d whole vi™s, Oxed infec«d cells 
r^onahinan. CA and SU pro^ns. and a syndetic peptide correspond!^ .o ^ V3 region 
ofSU. m «>me cases, dre vaccine ac««uy enhanced infedon after chaUenge In one 
sysrem, vaccinadon wid. paraformaldehyde-flxed virus or i„fec«d cells resulKd in 
p.o«cdve in^uniry (Yaman.o.o e. al.. J. Virol. fi.fioi. 1993). bu, appllcadon of dus 
approach by od»rs was unsuccessM (Hosie et al.. in Al>s:raas of ,He ImernaUo^ 
Symposium on Feline Retrmims Research. 1993. page 50). 

Thus. Uiere is a need in die an for an effective vaccine against FIV fl,a, 
unices die gag or env proteins, or fragments dKtsfrom. as inununogens. 

SUMMARY OF tub: l>rvf;|srnf^|>, 

The present invention pertains to die prevention or lessening of disease in 
cats caused by Feline tamunodef«:iency Virus (FIV). Prevendon or lessening of disease 
.s u„ders«,cd to mean d,e amelioradon of any symptoois. including inunune system 
disruptions, that result from FIV infection. 

The invention provides recombinant raccoon poxviruses having at least one 
mtemal gene comprising a DNA sequence that encodes FIV gag protein (gag) FIV 
envelope prdtein (env). a polypeptide consisting of amino acids 1-735 of FIV env or 
nnmunogenic fragments of any of the foregoing. By immunogenic fragment is meant 'any 
portion of the coding sequence of FIV gag or env polypeptides that induces a beneficial 
immune response in cats. 

In another aspect, the invention encompasses vaccines that comprise one or 
more of the FIV-expressing recombinant raccoon poxviruses described above with a 
pharmaceuticaUy acceptable carrier or diluent and a phannaceuticaDy acceptable adjuvant. 

In yet another aspect, the invention provides methods for preventing or 
lessening disease caused by FIV. which is carried out by administering to a feline in need 
of such treatment the vaccines described above. 
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BRIEF DESCRIPTTON OF THR nRAAVTNfff,^^ 

Figure 1 is a graphic illustration of the cloning strategy for the envelope 

gene of HV. 

^ Figure 2 is a diagrammatic representation of the structure of the 
recombinant FTV env gene in pSL-EnvABC. 

Figure 3 shows the DNA [SEQ. LD. NO. 14] and protein [SEQ. I.D. NO. 
12] sequence of the ertv gene of FIV. 

Figure 4 is a graphic Ulustration of the pSL-WGag plasmid. 

Figure 5 shows the DNA [SEQ. I.D. NO. 13] and protein [SEQ. LD. NO. 
1 1] sequence of the gag gene of FTV. 

Figure 6 is a graphic illustration of the cloning strategy for construction of 
the raccoon poxvirus transfer plasmid pSCU-FTV gag. 

Figure 7 is a graphic illustration of the cloning strategy for construction of 
the raccoon poxvirus transfer plasmid pSCl 1-FIV Env. 

Figure 8 is a graphic illustration of the cloning strategy for construction of 
the raccoon poxvirus transfer plasmid pSCU-FTV EnvAB. 

Figure 9 is a table illustrating the detection of viremia and CD4:CD8 ratios 
in vaccinated and unvaccinated cats after FIV challenge. 

Figure 10 is a table illustrating the preventable fraction for viremia and 
CD4:CD8 ratio changes in vaccinated and unvaccinated cats following FIV challenge. 

Figure 11 is a table illustrating the clinical scores of vaccinated and 
unvaccinated cats after challenge with Toxoplasma gondii, 

DETAn.ED DESCRfPTTOM OF TRF TNVFNTTniy 

All patents, patent applications, and references cited herein are hereby 
incorporated by reference m their entirety. In the case of inconsistencies, the present 
disclosure, including definitions, will control. 

The vaccine of the present invention may be prepared by creating 
recombinant raccoon poxviruses (RRPVs) containing a gene encoding the gag or env 
proteins of Feline Immunodeficiency Virus (FTV) or inamunogenic fragments thereof. 
Gag and env genes useful in practicing the present invention may be obtained by methods 
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weu-taow. in Che ar.. In o« en,bodin«m. vto, RNA i. „ve^„bcd using 
endogenous or exogenous „ve,se Tanscriptase and fte DMA is rendered double-stranded 
usoig DNA polyme^se. The and .„v-e«oding DNA segn«n,s are ten recovered by 
res,nc»n enzyn« digestif and are amplified by Coning in E. co,L to anofter 
embodnnen., FIV-i„fec«d cat cells serve as a source of HV p^vi,,, ^NA. to this 
embodimem. chr„n.oson«l DNA is isolated ton. .he ceUs. and oligonudeotMe primers 
are used to speoifically ampiiiy the and en. genes or iragments d^reftom using 
polymerase chain reacdon techniques. This approach is broadly applicable to purilying 
S^S and env genes ftom different FIV strains or isolates, since primers can be designed 
from non-poiymorphic regions of the FIV genome. 

FIV gag and env genes isolated by the above methods are first inserted into 
a transfer plasmid, and the recombinant piasmid is introduced into appropriate host ceUs 
that have been previotisly infected with a raccoon poxvirus. As a result, the DNA from 
the transfer plasmid is incorporated into the poxvinis DNA by homologous recombination 
producing the RRPVs that are released from the cells. 

DNA encoding the FIV gag or env proteins or fragments therefrom are 
mserted into a transfer plasmid downstream of a poxvirus promoter. In a preferred 
embodiment, the early/late 7.5 kD protein promoter of vaccinia virus is used. However, 
alternate promoter elements could be used. 

The preferred transfer plasmid also contains a beta-galactosidase marker 
gene, which^aUows for selection and detection of the plasmid DNA sequences in 
recombinant viruses. It will be understood by those of ordinary skill in the art that 
altemate selectable marker genes, such as the neomycin resistance gene or the E coli gpt 
gene or oAers, could be used to practice the invention. Flanking the inserted FIV gene 
and the selectable marker gene are thymidine kinase DNA sequences, which facUitate 
mtegration of the plasmid DNA sequences into the raccoon poxvirus DNA by homologous 
recombination. 

Recombinant viruses expressing the FIV gag or env genes are prepared by 
first infecting a susceptible ceU line (such as Vero [ATCC CCL 81], BSC-1 [ATCC CCL 
26], RAT-2 [ATCC CRL 1764], or CRFK [ATCC CCL 94]) with wild type raccoon 
poxvirus (ATCC VR-838 or similar isolates). Transfer plasmid DNA containing the FIV 
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gag or env gene is then transfected into the infected cells using cationic liposome-mediated 
transfection, or other suitable techniques such as electroporation or calcium-phosphate 
precipitation. Raccoon poxviruses incorporate DNA from the transfer plasmid through 
homologous recombination with the thymidine kinase gene sequences present on the 
plasmid. Virus mfection is allowed to proceed until cytopathic effects are noted in all 
cells. 

Incorporation of the FIV gag or env gene into poxvirus DNA is 
accompanied by disruption of the viral thymidine kinase gene. Thus, recombinant virus 
may be selected for by the absence of a thymidine kinase gene; this is achieved by 
selective expansion on RAT-2 cells (tk-, ATCC CRL 1764) in the presence of 5- 
bromodeoxyuridine. Viruses containing a gene insert from the transfer plasmid are 
identified by blue plaque color when grown in the presence of a chromo^enic substrate for 
beta-galactosidase such as X-gal. 

Viral plaques that survive these selection and screening procedures are then 
subjected to several cycles of plaque purification. Subsequently, the presence of the gag 
or env genes is confirmed by polymerase chain reaction technology, and the presence of 
gag or env antigenic determinant is confirmed by immunoblot analysis using specific 
antibodies. These viruses are designated by RRPV-FTV gag and RRPV-FIV env, 
respectively. 

In a further embodiment of the present invention, RRPVs can be produced 
that express less-than-fiill-length segments of the FTV gag and env proteins. The 
techniques used to engineer transfer plasmids encoding partial sequences of env and gag 
are well-known and widely used in the art, as are the methods for production and 
screening of RRPVs as detailed in this specification. For example, convenient restriction 
enzyme recognition sites can be used to obtain fragments of either gene, as described, 
e.g., Example 1 below. Alternatively, introduction of oligonucleotides containing a stop 
codon at varioxis points along gag or env DNA will produce a nested set of 
carboxyterminal-truncated versions of that gene, which can then be incorporated into 
RRPVs. Furthermore, sequences that encode different domains on each protein may be 
recombined, using domains derived from different FTV strains or isolates. It will be 
apparent to one of ordinary skill in the art that systematic screening of such recombinant 
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R«PVs can es.bmh whemer U» intac. p„»i„. „^ 

^nhe^cre as above. DNA e-^oOtag Oiffiren. ftag.e„« ^ _ ^ 

m a combuudon va«u« ate mcorporadon imo me san«. or differem, RRPVs 

For vacciae preparatfon. suscpabje cells are grown in mintaun. essential 
n«d„ ™g feul bovine serun. or a suitable ^ ^ 

«con*„un. r^on poxvirus a. a ™u,ipiici„ „f infection o, 0.1 infecUous uni./cel, or 

(TCm^. an an«un. Of vin« yielding so% infectton under deflned condiUons When 

cy«.pa.hoiogy is no«d in >90% ofthe cells. ^ infected ceHs and extraceUular fluids are 

harvested. The virus n^y be stored frozen (.50«C or colder) or iyophilized until the ^ 

of use. Contpounds such as NZ-amine, dextrose, gelatin or others deigned to subUize 

the Virus during freezing and lyophilization mav be artH*.H tk^ • 

y yimi^aon may be added. The virus may be concentrated 

usmg commercially available equipment. 

TjTically, the concentration of virus in the vaccine formulation will be a 
-nimum of 10 TCID, per dose . but wUl typicaUy be in the range of 10- to 10- 
TCID30 per dose. At the time of vaccination, the virus is thawed (if frozen) or 
reconstituted (if lyophilized) with a physiologically-acceptable carrier such as deionized 
water, saline, phosphate bui&red saline, or the like. 

In one embodiment, a physiologically acceptable adjuvant such as for 
example, EMA31. Adjuvant A. or combinations thereof, is added to d. vaccine 
formulation. Non-limidng examples of suitable adjuvants include squala« and squalene 
(or other oils of animal origin); block copolymet, such as Phironic* (L121) Saponin- 
detergems such as TweenO-80; Qufl. A. mineral oBs such as DrakeoL or Marcol* 
vegetable oils such as peanut oil; Corynebacterium..ierived adjuvants s«;h a^ 
cotynebacterium parvum; Propionibac.erium<ierived adjuvants such as Propionibacterium 
acne; Mycobacterium bovis (Bacfflus CaUnette and Guerim, or BCG); interleukins such as 
mterleukin 2 and in,erleukin.l2; monokines such as interleuHn 1; tumor necrosis factor- 
uuerferons such as gamma interferon; combtaations such as saponin-aluminum hydroxidi 
or Qu,l»-A aluminum hydroxide; liposomes; iscom adjuvant; mycobacterial ceU wall 
extract; symhetic glycopeptides such as muramyl dipeptides or other derivatives; Avridine- 
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Lipid A; dextran sulfate; DEAE-Dextran or DEAE-Dextran with aluminum phosphate; 
carboxypolymethylene. such as Carbopol®; EMA; acrylic copolymer emulsions such as 
Neocryl* A640 (e.g. U.S. Patent 5.047,238); vaccinia or animal poxvirus proteins; 
subviral panicle adjuvants such as orbiviius; cholera toxin; dimethyldiocledecylammonium 
bromide; or mixtures thereof. 

EMA 31 (Monsanto. St. l^uis. MO) is a linear ethylene/maleic copolymer 
with approximately equal amounts of ethylene and maleic anhydride, having an estimated 
average molecular weight of about 75.000 to 100,000. Adjuvant A is an adjuvant 
comprising a block copolymer, such as a polyoxypropylene-polyoxyethylene (POP-POE) 
block copolymer, preferably Pluronic* L121 (e.g. U.S. Patem 4,772,466). and an organic 
component, such as a metabolizable oil. e.g. an unsaturated turpin hydrocarbon, 
preferably squalane (2,6.10,15.19,23-hexamethyltetracosane) or squalene. The vaccine 
may also include a non-ionic detergent or surfactant, preferably a polyoxyethylene sorbitan 
monooleate such as a Tween* detergent, most preferably Tween*-80, i.e. polyoxyethylene 
(20) sorbitan monooleate. 

In this adjuvant mixture, the block copolymer, organic oU, and surfactant 
may be present in amounts ranging from about 10 to about 40 ml/L, about 20 to about 80 
ml/L, and about 1.5 to about 6.5 ml/L, respectively. In a preferred embodiment of the 
stock adjuvant, the organic component is squalane present in an amount of about 40 mL/L, 
the surfactant is polyoxyethylenesorbitan monooleate (Tween*-80) present in an amount of 
about 3.2 ml/L, and the POP-POE block copolymer is Pluronic* L121 present in an 
amount of ab(Jut 20 ml/L. Pluronic* L121 is a liquid copolymer at 15-«)°C, where the 
polyoxypropylene (POP) component has a molecular weight of 3250 to 4000 and the 
polyoxyethylene (POE) component comprises about 10-20%, preferably 10%, of the total 
molecule. 

Individual raccoon poxviruses expressing the gag or env genes may be 
mixed together for vaccination. Furthermore, the virus may be mixed with additional 
inactivated or attenuated viruses, bacteria, or fungi, or with immunogens derived from 
viruses, bacteria, or fungi such as feline leukemia virus, feline panleukopenia virus, feline 
rhinotracheitis virus, feline caUcivinis, feline infectious peritonitis virus, feline Chlamydia 
psinaci, Microsporum cams, or others. In addition, antigens from the above-cited 
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organists may be iiKorporated into combination vaccines. These antigens may be 
punfied from natural sources or from recombinant expression systems, or may comprise 
mdividual subunits of the antigen or synthetic peptides derived therefrom. 

. In a further embodiment of the present invention, live or inactivated RRPV 
vnrus-cell lysates can be incorporated into liposomes, or encapsulated in peptide-, protein- 
or polysaccharide-based microcapsules prior to administration, using means that are 
known in ti.e art. The vaccine of the present invention is administered to cats in volumes 
ranging from 0.5 to 5 miUUiters. The vaccine can be administered to cats by 
subcutaneous, intramuscular, oral, intradermal, or intranasal routes. The nmnber of 
mjections and their temporal spacing may be varied. One to three vaccinations 
administered at intervals of one to three weeks are usually effective. 

The efRcacy of the vaccines of the present invention is assessed by the 
following methods. At about one month after the final vaccination, vaccinates and 
controls are each challenged widi 3-20 cat ID50 units, preferably 5 cat ID,o units of FIV 
preferably the NCSUl isolate (ATCC VR-2333). Whole blood is obtained from thi 
animals immediately before chaUenge. and at intervals after challenge, for measurement of 
a) vu-emia and b) relative amounts of CD4 and CDS lymphocytes. 

Viremia is measured by isolating mononuclear cells from the blood, and co- 
culturing the cells with mononuclear ceUs from uninfected animals. After 7 days of 
culture, the culture supematants are tested for FIV by enzyme-linked immunoassay (See 
Example 5 below). 

nie ratio of CD4 to CDS lymphocytes in the circulation of vaccinates and 
controls is taken as a measure of immune ftmction. Typically. FIV infection causes an 
inversion of the normal CD4:CD8 ratio of about 1.5^.0 to a pathological ratio of about 
0.5-1.0. The numbers of CD4 and CDS lymphocytes are measured by flow cytometry 
using specific antibodies (see Example 5 below). 

Another measure of immune function is to challenge vaccinates and 
controls with Toxoplasma gondii at 6-12 months after the final RRPV-FIV vaccination. 
Normally, the severity of T. gondii- induced disease symptoms is considerably exacerbated 
in FIV-infected cats relative to uninfected cats. The severity of the T. gondii effect is 
determined by scoring ocular discharge, nasal discharge, dyspnea, and fever. 
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It wUI be understood that ameUotation of any of the symptoms of FIV 
utfection is a desirable clinical goal. This includes a lessening of fte dosage of medication 
used to treat HV-induced symptoms. 

The foUowing examples are intended to illustrate the present invention 
without limitation thereof. 

Examplftl; Clonifip of ftv anH 

A. Isolation nfVjral PNA 

FIV strain NCSU-1 (designated "FIV-NCSU-1") was isolated from a 
namrally infected, feline leukemia virus-negative cat and has been described previously 
(Tompkins et al., /. Am. Vet. Med. Assoc. 199: 1311. 1991. The virus was passed in a 
nomul specific pathogen-free (SPF) cat (obtained from Liberty Laboratories. Waverly 
NY). FIV-infected peripheral blood mononuclear cells (PBMQ were obtained from 
whole blood by separation on discontinuous percoU gradients. Briefly, anti-coagulated 
whole blood was layered over a two step gradient containing 43% PercoU- (Pharmacia 
Piscataway. NJ) over 62.5% PercoU- in 0.15 M NaCl. Gradients were centrifuged at 400 
X g for 5 minutes, followed by 800 x g for 20 minutes at 22»C. PBMC were harvested 
from dae gradient interfece and washed in phosphate buffered saline containing 5% fetal 
bovine serum. In paraUel. PBMCs were isolated from normal cats. 

FIV was propagated by co^ulture of PBMCs from an FIV-infected cat with 
PBMCs from normal cats. The ceUs were maintained in RPMI 1640 media containing 
10% fetal bovine serum. 2.5 x 10'^ beta-mercaptoethanol. 2 mM L-glutamine. 5 ^g/mL 
concanavalin A. and 20% conditioned media from MLA ceUs (ATCC TIB 201) as a 
source of interleukin-2 (IL-2). 

Cat genomic DNA containing FIV-NCSU-1 proviral sequences was isolated 
from the cultured PBMCs by lysis of the ceUs with 0.6% sodhnn dodecyl sulfate (SDS) in 
10 mM Tris-HCl. pH 7.5. 10 mM EDTA. followed by precipitation of chromosomal 
DNA by incubation overnight with 1 mM NaCI. The DNA was recovered by 
centrifugation at 10,000 r.p.m. (Beckman J2. JA-20 rotor) for 40 minutes. The DNA 
peUet was resuspended in a solution containing 10 mM Tris-HCl pH 7.5. 10 mM EDTA, 
0.1% SDS buffer and digested with ribonuclease A (20 ^g/ml) and proteinase K (0.2 
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mg/ml) at SO'C for 4 hours. DNA was then purified by sequential extraction with phenol 
phenolxhloroform (1:1) and chloroform, and was x^vered in pure fonn foUowed by' 
ethanol precipitation. 

Cloning nf FfV F.nv^^npo n^«^ 

FIV-NCSU-1 envelope DNA sequences were cloned using polymerase 
chain reaction (PCR) methods as follows: 

Envelope. FrppTr^«.T,f a 

The following oligonucleotides were used to amplify the 5' proximal 
segment of the env gene. 

S'-TCGGATCCAACA ATA ATTATgor A G M ^0-3' [SEQ. I.D. NO. 1] (Codine 
strand. 6252- V) ^ 

5--AATCAGGTACAAAGTCACCGTrC.3- [SEQ. I.D. NO. 2] (Complcmcmaxy 

Primer 6252-V corresponds to nucleotides 6252-6273 of FIV stnin PPR 
(GenBan* No. M36968) and primer 6745-C (underUned region) corresponds » nucleoddes 
6723-6745 of FIV s«in 14 (GenBank No. 25381). n« sa„ codon for envelope pro«in 
ttanslaaon is included in primer 6252-V. Primer 6252-V also las a symhedc BamHI 
sanction enzyme siB near die 5' end to feciliato cloning. An Avrn sito loca«d a. position 
6719 also facilitates cloning. Envelope fragment A is 494 bp in length. 

k 

Envelope Fptyn?"! ^ 

The foUowing oUgonucleotides were used to amplify the middle segment of 

the env gene. 

5'-TATAGAAGCACCCCAAGAAGAG-3- [SEQ. I.D. NO. 3] (Coding strand, 6637-V) 
^6™''''''''^''^^''^'^''"'' (Complementary strand. 

Primers 6637-V and 8469-C correspond to nucleotides 6637-6659 and 
8448-8469 of FIV 14 strain, respectively. An AvrH site at position 6719 and a Spel site 
at position 8288 facilitated cloning. Envelope fragment B is 1833 bp in length 
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Envelope Fragment C 

The following oligonucleotides were used to amplify the 3' distal fragment 
of the env gene. 

5'- TTAGTTACATTAGAGCATCAAG-3* [SEQ. I.D. NO, 5] (Coding strand, 8264-V) 
S'-TTCTAGATCTTCAGrKTTrrCAATACTC-S' [SEQ. I.D. NO. 6] (Complementary 
strand, 9145-C) 

Primer 8264-V corresponds to nucleotides 8264-8285 of FTV strain 14, and 
primer 9145-C (underlined region) corresponds to nucleotides 9126-9145 of FTV strain 
PPR. Primer 9145-C has a synthetic BglH site near the 5' end to facilitate cloning. An 
Spel site located at position 8288 also facilitated cloning. Envelope fragment C is 880 bp 
in length. 

In each case, PCR was performed for 35 cycles of 1 min 30 sec at 94*=*C, 2 
min at 56*'C, and 2 min at 72^C, followed by one cycle of 8 min at 72^C.: Each envelope 
fragment was isolated by gel electrophoresis and cloned into plasmid pSL1190 using 
standard methods (Maniatis et al.. Molecular Cloning: A Laboratory Manual, 1982, Cold 
Spring Harbor Press). 

Initially, each fragment was cloned into pSL1190, after which the three 
fragments were spliced together to re-create a fiiU length envelope gene. For this purpose, 
the Envelope A plasmid was digested witii BamHI and AvrH, the envelope B plasmid was 
digested was with AvrH and Spel, and the envelope C plasmid was digested with Spel and 
Bgin. Subsequently, the 1.5 kbp Avrll/Spel envelope B fragment was ligated into pSL- 
EnvA that had been digested with AvrU and Spel to create pSL-EnvAB (Figure 1). The 
envAR fragment codes for the entire surface membrane protein (SU) and the first 63 
amino acids from the amino-teraiinus of the transmembrane protein (TM) of FTV-NCSU- 
1, i.e., amino acids 1 - 735 of erw. However, envAR does not contain the transmembrane 
domain (TM). 

Next, the 0.9 kbp Spel/Smal envelope C fragment from pSL-EnvC was 
ligated into pSL-EnvAB that had been digested with Spel and BbrPI, to create pSL- 
EnvABC or pSL-WEnv (Figure 1). The WEnv fragment codes for the entire env open 
reading frame (SU and TM proteins) of FTV NCSU-1 (Figure 2). 
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The subcloned genetic elements of FIV-NCSU-1 were sequenced using 
Sequenase Version 2.0 (United States Biochemical. Cleveland, OH)) as described for 
double-stranded DNA. and the reactions were analyzed using the ABI automated 
sequencer (Applied Biosystems. Foster City, CA). Both DNA strands were sequenced to 
confirm the results. The DNA sequences were analyzed using the MacVector DNA 
Analysis software (International Biotechnologies. Inc.. New Haven. CT). n,e env DNA 
sequences were analyzed for open reading frames and compared to the previously 
published DNA sequences of other FIV isolates. The DNA and predicted amino acid 
sequences of env and ^nvAB open reading frames of FIV-NCSU-1 are shown in Figure 3. 

Ctoninp of The ftv ciaci (^n^ 

The gag gene of FIV-NCSU. was amplified using PCR and the following 

oligonucleotide primers: 

5'-CAATTCTAGAGAGACTCTACAGCAACATG-3' [SEQ. I.D. NO. 7] (Codin. 
strand. 610-V) 

5'-TAATAGATCTGGCCTCTTrTCTAATGATG-3' [SEQ. J.D. NO. 8] 
(Complementary strand, 2026-C) 

Primers 610-V and 2026-C correspond to nucleotides 610-630 and 2005- 
2026 of FIV 14 strain, respectively. Primers 610-V and 2026-C have Xbal and Bgffl 
restriction enzyme sites, respectively, near their 5' ends to faciUtate cloning. The last 
three nucleotides of primer 610-V correspond to die start codon for gag protein 
translation. PCR was performed for 35 cycles of 1 min 30 sec at 94°C. 2 min at 56°C. 
and 2 min at 72-C. followed by one cycle of 4 min at 72»C. The 1 .4 kbp DNA fragmem 
containing the gag gene was purified by gel electrophoresis and cloned into die Xbal/Bgin 
site of PSL1190 to form pSL-WGag (Figure 4). The DNA sequence of FIV-NCSU-1 gag 
is shown in Figure 5. 

Examplf l\ Prenaratfon of Recomhinant Rarrn»Ti Pff;ninnn 

Constnirtion of Raccoon Poyvinw T^an -j f^r Pincm M^ 
The DNA sequences encoding die gag, env, and envAB isolated as 
described in Example 1 were individually subcloned into the poxvirus transfer vector 
PSCII. The sequence of pSCU is disclosed in co-pending U.S. patent application Serial 
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No. 08/125,516, which is incorporated by reference. For this purpose, the 1.4 kb 
Xbal/Bgin fragment of pSL-WGag (Figure 6), the 2.9 kb BamHl/Spil fragment of pSL- 
WEnv (Figure 7) and the 2.1 kb BamHI/Spel fragment of pSL-EnvAB (Figure 8) were 
individually isolated and rendered blunt-ended with the Klenow fragment of DNA 
polymerase, after which each was individually cloned into the Smal site of pSCll. 



B. Preparation of Recombinant Rarrnn n Pnyyinnif^ 

Recombinant raccoon pox viruses (RRPV) bearing the FT/ gag and env 
genes were prepared as generally described for recombinant vaccinia viruses (Mackett and 
Smith, J Gen Virol 12:2067-2082, 1986) with some modifications. Monolayers of Vero 
ceUs (ATCC CCL 81) that were 80% confluent (approximately 5 x lO^ ceUs in 100 mm 
tissue culmre dishes) were infected with wild-type raccoon pox virus (ATCC VR-838) at a 
multiplicity of infection (MOI) of 0.1 TCTOso/ceU in 2 ml of MEM (Eagle's Minimum 
Essential Medium (Gibco BRL #410-1500) containing 0.05% lactalbumin hydrolysate and 
15 ^g/ml gentamicin sulfate, adjusted to pH 7.2 with sodium bicarbonate) for 30-60 
minutes at 37*'C. The cells were then transfected with either pSCl 1-FIV gag, pSCl 1-FTV 
env, or pSCl 1-FIV env AB transfer plasmids by cationic liposome-mediated transfection 
using Transfectam* (Promega Corporation, Madison, Wisconsin) according to 
manufacturer's instructions. The cells/DNA-liposomes mixture was incubated in 3 ml of 
MEM containing 5% fetal bovine serum (FBS) overnight at 37°C (5% COj), after which 
the medixma was replaced with 8 ml fresh MEM/5% FBS. The transfected cells were 
incubated at ^TC (5% COj) until greater dian 80% of the ceUs showed cytopathic effects 
(approxnnately 3-4 days). The cells and culture media (viral-cell lysates) were then 
removed from the plates and subject to two cycles of freeze-thawing before storage at - 
70°C. 



C. ISQlation of Recomhinant Raccoon Pnv Vims ru rrvinff th*. vjy gj ^g 

fifine 

RRPV carrying the FTV-NCSU, gag gene (RRPV-FIV gag) are isolated and purified from 
the pSCll-FIV gag/Vero cell transfection by standard viral plaque assay methods. 
Monolayers of Vero cells (50-80% confluent) in 100 mm tissue culture dishes were 
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infec^d wiU.2 ml of IWoM senal dilution, (lo^' „ .o- fa MEM, of U« vlxal^,, ,y,^ 
After i^utation. for 1 hour a, 37"C. me n«dia are removed and *e itfec^l ceU. were 
overlaid wi* S-10 mi of 1.25% Noble agar coniairtng MEM/5% FBS. TT,. tafecred ceUs 
we« to i-^baud for 3^ days a. 37"C (5% CO^, an, ^ , ^ 

1.25% Nobel agar comai«r,g 0.5X PBS aiKl 600 ug/ml 5-b„,mo4<hloro-3-i.Kiolyl.fl-D- 
galacopyranoaide (X-gal, United ^ Biocl«n*al. Cleveland, Ohio,. The p,a«s were 
mcuba^d a. 37-C (5% CO, for 4-16 hour., u^ii hhre viral p,a<,«s (P-ga,ac„sidase 
posmve) were observed. The recombinan, viral plaques were picked wiu, sterile blunt 
needles attached to a 1 cc syringe, suspended in 0.5 ml of 0.25 mg/ml trypsin, vortexed 
vigorously, and incubated at 37=0 for 15-30 minutes. The disrupted viral plaques were 
U«n moculated onto 5x10* Vero ceUs in T-25 cm' flasks and mcubated at 37-C (5% CO,) 
unm greater than 80% CPE was observed. The vhal^ell lysates containing RRPV-FIV 
gag were subjected to two cycles of freeze-thawing and stored at .70X. Five individual 
RBPV-FIV gagdones were selected and plaqued purified four times as described above. 

RRPV carrying the FIV-NCSU, envAB gene (RRPV-FIV „vAB) were isolated and 
pudfted irom the pSCU-HV envAB/Veto ceU ixansfection usmg the medtods as described 
for RRPV-FIV gas with some slight modificadons. Thymidine Idnase deficient (tk-) 
raccoon pox viruses ftom the initial viral^ell lysates were selected on tk- Rat-2 cells 
(ATCC CBI> 1764). nus was performed by inoculating 1 ml of the initial viral-cell lysate 
onto a monolayer of Ra,-2 cells in a T-75 cm' flask (approximately 5xl0' cells) containing 
S-bromodeoxyuridine (BrdU) at 30 ug/ml in MEM. Tte Infected monolayer was 
mcubated a. 37»C (5% CO, for 3-. days until greater d«n 70% CPE was observed The 
tk- vual^U lysates were subjected to two cycles of freeze-thawing two tunes and stored at 
-70-C. RRPV-FIV em,AB were isolated and purified from tk- viral-cell lysates by Ub 
standard viral plaque assay as described above for RRPV-FIV gag on Vero ceUs Five 
mdividual RRPV-FIV env AS clones were selected and plaque purified five times 



BNS0OCID:<WO 964026eA1> 



wo 96/40268 



PCT/US96/08508 



15 

Exapipl^ 3: Characteristics of Recombinant FT V-Eiqiressing Raccoon Pox Vinises 
A. Confirmation of FIV gag and evnA B G«ncs in RRPV hv Polymerase 
Chain Reaction 

The presence of tiie FIV gag and envAB genes in the KRPVs was 
confirmed using PGR. 90 n\ of a viral-cell lysate was incubated with 10 it\ of lOX PCR 
lysis buffer (IX; 10 mM Tris-HCl buffer, pH 8.5, containing 50 mM Ka, 2.5 mM 
MgCl,, 0.5% Tween 20, 0.3 rag/ml Proteinase K) for 16 hours at 50°C, then boiled for 
10 minutes. 10 ;tl of this lysate was used as a template in the PCR reaction. PCR was 
performed in 100 /tl of 10 mM Tris-HCl buffer, pH 8.3. containing 50 mM KQ, 200 uM 
of each dNTP, 1.5 mM MgClj, 30 pmoles of each primer, and 2.5 Units of AmpUTaq* 
DNA polymerase (Perldn-EImer Cetus, Norwalk, CT). The primers used in the PCR for 
FIV gag were: 

5'-TATGGAAAAGGCAAGAGAAGGAC-3'[SEQ. I.D. NO. 9] 
5'-TCGAGATACCATGCTCTACACTG-3*, [SEQ. I.D. NO. 10] 
corresponding to nucleotides 471-493 and 763-785 of the FTV gag open reading frame, 
respectively. The primers used in the PCR for FTV cnvAB were: 

5'-TATGGAAAAGATGGGATGAGACTA-3' [SEQ. I.D. NO. 15] 
5'-GTCACTrACCTrCATAGTAAACC-3' [SEQ. I.D. NO. 16] 
corresponding to nucleotides 857-880 and 1513-1535 of the FIV env open reading frame, 
respectively. The PCR amplifications were performed in a DNA Thermal Cycler 
(Perkin-Elmer Cetus) by first heating the reaction mixes to 94"C for denaturation, and 
tiien 35 cycles df 1 minute at 95 "C, 1 minute at 55''C, and 2 minutes at 72'C, and a final 
incubation of 8 minutes at 72'C. 10 of the PCR products were analyzed by 
electrophoresis in a horizontal-submarine 4% NuSieve^ agarose (FMC BioProducts, 
Rockland, ME) gel in TAB buffer (40 mM Tris base, 20 mM sodium acetate, 1 mM 
EDTA, pH 7.2) by applying 5 V/cm for 1-2 hours, and staining with etiiidium bromide. 
PCR amplifications with tiie FTV gag and env primers gave expected DNA fragments of 
314 and 678 nucleotides, respectively. PCR ampUfications using tiie pSCll FTV gag and 
envAB transfer plasmids served as positive controls. PCR amplifications using wild-type 
raccoon pox virus- Vero cell lysates served as a negative control. 
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Confluem monolayers of Vero cells in a T-25 cn,' flask (1-2 x 10« cells) 

were infecled with clones of either RRPV-HVm. or RRPVFiv 
ItolOTf-m- ,. '**''«°'^'™^v-FIVCTvABatanM.O.I. of 

» 10 TCID, per cell. The infected cells were incubated at 37=C (5% COJ for 2-3 days 

un.^^ap^„ 80% CPE was observed. 20 of the viral-cell lysate was added to 5 
Ml Of 5X Uen«nl, sample bufler (0.3 M Tris-HCl buffer, pH 6.8. containing 5% SDS 
0% glycerol. 0.4% bron,ophe.ol blue, and 3% 2-n.rcaptoe.hatK,) and heated a. 95-C 
for 5 nunu.es. The denatured protein san„,es wete separated by SDS/polyacrylanude 
el^^phoresis .ing a 4-15% gradient polyacry^de gel (Maniatis e. al.. Mole^tlar 
Clonmg: A Uborarory Manual, 1982. Cold Spring Harbor Press,. After electrophoresis 
U« proteu. were transferred to nitroceUulose Alters (Bio-Rad Uboraroriis. Hercules CA) 
by electrotransfer using a Bio-Rad transfer apparan^ per n,anufacturer-s instrucdons ' The 
0^ was p^for^ed in 25 Tris-HC, bu«.r. containing 0.2 M glycine and' 20% 
methanol, for 45 minutes at 50V with constant current 

TTK blot was then screened for FIV g^g and envAB p„„ins by 
unmunoblo. analysis as previously described (Davis e. al., Basic Me^ Molecular 
B.oU,gy. .986. Elsevier Science Publishing Company. New York. NY) wid, some slight 
modifications. After transfer, the nitroceUulose bio, was rinsed in phosphate buffer 
salme. pH 7.4. containing 0.1% Tween-20 (PBS-TW). and non-specific sites were blocked 
by mcubating the blot in PBS containing 1% bovine serum albumin (PBS-BSA) at 4»C 
overnight, followed by a ,5 minute wash in PBS-TW. Tie blot was d«n incubated for 30 
™ at room temperature with goat and-FIVIgO dihrted 1:100 in PBS-TW containing 
1 % BSA (PBS-TW-BSA). foUowed by four 5 minute washes to PBS-TW. Next the blot 
was tocubated for 30 minmes a, room temperamr. wid. a biotir^labeled mouse^U-goat 
IgO antibody (secondary antibody) (Kirkegaard & Perry Laboratories Inc., Galthersburg 
MD) diluted 1:2000 in PBS-TW-BSA. foUowed by four 5-minute washes in PBS-TW 
Anugen-antibody complexes were detected by, tocubatfng the blot for 30 minutes at room 
temperamre wid, horseradish peroxidase-conjugated streptavidm (Kirkegaard & Perry 
Uboramries Inc.) dUuted 1:1000 m PBS-TW, washmg four times for 5 minutes each to 
PBS-TW, and visualizmg wid, peroxidase chromogenic substrate (Kirkegaard & Perry 
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Laboratories Inc.). Sucrose-gradient purified FIV and wUd-type raccoon pox virus/Vero 
cell lysates were used as the positive and negative controls for the immunoblot analysis, 
respectively. 

. Goat anti-FTV antibodies were prepared as follows. FIV NCSU, was 

grown in peripheral blood lymphocytes and concentrated using a hollow fiber apparatus to 

a concentration of about 10^ TdD^ml. The concentrated virus stock was mixed with an 

oil adjuvant such as OW3 in a ratio of 1:1 (v:v). and the emulsion was used to inoculate 

goats six times, at intervals of 3-4 weeks. At monthly intervals, the goats were bled and 

the senim was tested for the presence of anti-FTV antibodies. 

C Confirmation of RRPV FTV mt^ and ^n^ A B Prntrfn Pvpri>«dnn hy 
Tmmiinnnnnrescence Assay 

Confluent monolayers of Vero cells in 96-well plates (1-2 x lO'* ceUs/well) 
are infected with clones of either RRPV-FTV gag or RRPV-FIV envAB at a multiplicity of 
infection of 0.1 to 1.0 plaque forming units per ceU. Cell infected with wUd-type RCNV 
serve as a negative control. The infected ceUs are incubated at 37°C (5% COj) for 1 day 
untU approximately 20% CPE is observed. The cells are then washed three times with 
PBS and fixed with 80% acetone at 4°C for ten minutes. Next, the cells are rehydrated 
with PBS and incubated with a monoclonal antibody (IgG) against either FTV gag or env 
surface membrane proteins for 30 minutes at room temperanire. FTV antigen/FTV 
antibody complexes are detected using a FITC-conjugated goat anti-mouse IgG 
(Kirkegaard & Perry Laboratories Inc., Gaithersburg, MD) and fluorescence microscopy. 

D. Raccoon Poimnis Titratinn 

Virus preparations were pre-treated by dilution into an equal volume of 
0.5% trypsin and incubation at 3TC for 30 minutes in order to release virus ft-om 
inclusions. Serial dilutions (10-fold) of virus were then prepared in MEM and were 
inoculated (100 ^ywell) in replicates of five onto Vero cells (1 x 10* cells in 100 ^l per 
weU) in a 96 weU plate. Plates were incubated for 3-5 days at 37°C (5% CO2) and 
observed for cytopathology typical of raccoon poxvirus. Viral infectivity titers were 
calculated as 50% endpoints based on cytopathology using die mediods of Reed and 
Muench (Reed and Muench, The American Journal of Hygiene 22: 493, 1938). 
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^^'^^^P^ Preparation of V;»rcinf^ fta^ fri on Wrm mhin.^. p^ ^r Vfnnn 

A. Preparation of Master Sf^ri^ of pppy fiv o., ^ 

. A single clone of each recombinant virus that ' showed significant 
recombinant protein expression (by the method described in Example 3 above) was 
selected for large-scale expansion to serve as a master seed virus. AH recombinant virus 
expansions and titrations were done on Vero cells in MEM containing 2.5% FBS Each 
plaque-purified virus clone was expanded by inoculating a confluent monolayer of Vero 
cells in a T-150 cm^ flask (IxlO' cells) with 1 ml of viral-cel, lysate (approximately lo' 
infectious virus particles), and incubating at 37-0 (5% CO,) until 100% CPE was 
Observed (2-3 days). This viral^ell lysate served as a pre-master seed virus stock and was 
used to obtain the master seed vims. The pre-master seed of each recombinant virus was 
titrated on Vero ceUs and a TCID^o was determined. The master seed viruses for RRPV 
nV gag and RRPV-FIV envAB were grown on Vero cells using an MOI of 0 01 and 0 1 
respectively. Three roller botUes of confluent Vero cells were infected for each of the 
master seed viruses using MEM media supplemented with 2.5% fetal bovine serum and 
incubated for approximately 3 days at 37»C. Infected culture supernatant fluids were 
harvested, and seed viruses were aliquoted into 1.5 ml ampules, which were sealed and 
Stored in a liquid nitrogen freezer. 

B> Preparation of Varrfn^n; 

Vero cells (3 x lO') were seeded into 850 cm^ roller bottles in 200 ml of 
growth media (MEM containing 0.5% lactalbumin hydrolysate and 5% heat-inactivated 
fetal bovine serum) and incubated for 18 hours at 37^C. The next day. the media were 
removed from the cells and replaced with 50 ml of RRPV-FIV gag at a multipUcity of 
mfection of 0.01 in infection media (MEM containing 0.5% LAH and 2.5% heat- 
inactivated fetal bovine serum). The virus used was at the fourth passage beyond the 
master seed preparation. Virus was aUowed to adsorb to the cells for 30 minutes at 370C, 
after which the volume of medium was adjusted to 150 ml per roUer bottle. RoUer bottles 
were incubated at 37'C untU 100% cytopathology was evident (3 days). A virus/cell 
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lysate was then prepared and stored frozen (-70°C). The virus titer of RRPV-FTV gag was 
determined to be lO' * TCIDso/ml. 

Recombinant raccoon poxviruses expressing the FIV envAB gene fragment 
were prepared in the same manner, except that a multipHcity of infection of 0.1 was used. 
The virus was at the fourth passage beyond the master seed preparation. The RRPV-FTV 
envAB preparation was titered and found to contain 10^ * TCIDso/ml. 

Wild type raccoon poxvirus was grown using the same methods as 
described above. This virus preparation was found to contain lO" TdDjo/ml. 



Example 5; Test of Efficacy of FIV Vaccines RaqpH « n Repnmh.ni.nt Pnir V.r..c^ 

A. Vaccination 

Thirty 6-7 month old cats (specific pathogen-free, Harlan Sprague Dawley, 
Madison, WI), fifteen males and fifteen females, were used. Cats were divided iuto six 
groups and vaccinated twice, 21 days apart, as indicated below: 

Table 1. Assignment of Groups for Vaccination 



Group 


# Cats 


Vaccine 


Volume 


Virus 

DoseCTCIDso) 


Route* 


1 


5 


RRPV-FTV gag 


1 mL 


10'* 


SC 


2 


5 


RRPV-FIV gag 


1 mL 


10'* 


IM 


3 


5 


RRPV-FTV cnvAB 


SmL 


10**' 


SC 


4 


* 5 


RRPV-FIV envAB 


2 mL 


10**' 


IM 


5 


5 


RRPV-FTV ^a^(l ml)+ 


4niL 


10' * (gag) 


SC 






RRPV-FTV envAB 


3mL 


10** ' (envAB) 


SC 


6 


5 


Wild Type raccoon pox 
virus 


1 mL 


10'-' 


SC 



* SC a Subcuuneous Vaccinaaon 
IM a [mramuscuUr Vaccination 
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Twcmy-flve caB were vaccinated witt, die recombtaam raccoon poxvirus 
vaccines as indicated in Table 1. Five cats were adnnnis«red a sinyiar titer of wild type 
raccoon poxvuus to serve a negaUve controls. Two vaccinations were adniinistered 21 
<lays ap«. Subcutaneous vaccinations were adntinistered in the nape of the ncdc and 
mtramuscular vaccinations were administered in a rear thigh. Pour weeks following the 
second vaccinadon. an cats wen= challenged with a» NCSU-l strain of FIV and monitored 
for vtremia and evidence of lymphocyte population changes as describ«i below Eleven 
months following FIV challenge, cats to Groups 1, 2, 3, 4. and 6 were challenged with 
Toxoplasma gondii and monitored for 48 days for clinical signs of disease. 

C. FTVrhall.-f. 

Four weeks following the second vaccinaUon. all of the cats were 
Challenged subcutaneously with 10 cat ID« units of the NCSU, isolate of FlVfl lOOO 
dihrtion Of lot #021891). Whole blood was obtatoed Ixom the cats prior to challenge and 
penodtcally after challenge, in order to assess virus infection paramensrs as foUows: 

Culture isolation of FIV was perfonneci as described previously (Wasmoen 
et al.. Vet. Immune. Immunopath. 25:83 1992). Mononuclear cells were isolated from 
Whole blood using PercoU™ (Phannacia Biotech. Piscataway NJ) gradients. 5 x 10^ cells 
from FIV-chaUenged cats were culmred with 1 x 10* mononuclear cells isolated from 
umnfected cats. Cultures were fed with RPMI media every 7 days and supematants tested 
for the presence of FIV by an enzyme-linked immunosorbent assay (EUSA) that detects 
FIV p25 antigen (Petcheck EUSA, IDEXX, Portland ME). 
2. Lvmphnrvf^ iVwteT 

Leukocytes were isolated from whole blood using Histopaque^M ^sigim 
Chemical Company. St. Louis MO) and lymphocyte subsets quantitated by staining the 
ceUs with antibodies specific to CD4 (monoclonal antibody CAT30A). CDS (monoclonal 
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antibody FLSM 3.357), pan T lymphocytes (monoclonal antibody FLSM 1.572) or B 
lymphocytes (anti-cat IgG) followed by FACS analysis. These monoclonal antibodies are 
described elsewhere (Tompkins et al. Vet. Immunol. Immunopaihol. 2fi:305, 1990) and the 
flow cytometry procedure is the same as previously described (R.V. English et al. J 
Infect. Dis. IZQ:543, 1994). CD4:CD8 ratios were calculated. 

D. Toxonlasmn fnruHi rhallpngA 

Tacheozoites of the ME49 strain of T. gondii that were frozen in 10% 
glycerol were inoculated intraperitoneally into Swiss mice (Charles Rivers Uboratories) 
and seriaUy passed in mice according to published procedures (Davidson et al.. Am. J. 
Pathol. 142:1486. 1993). Tacheozoites harvested from peritoneal fluids of mice were 
enumerated using a hemacytometer. Cats were tranquilized using ketamiie hydrochloride 
and inoculated with 50.000 fresh tachyzoites into the right common carotid artery that had 
been surgically isolated. Cats were monitored for clinical signs of disease, including 
ocular discharge, nasal discharge, dyspnea, fever, depression, and weight loss for 3 days 
prior to and 48 days following T. gondii inoculation. 

Clinical signs follow T. gondii challenge were scored as follows: 

Clinical Sign Score 

Pever 103.0 to 1 point per day 

103. 9°F 

104.0 to 2 points per day 
104.9°F 

>105.0»F 3 points per day 

(T tmpenaures were not scored until >1''F above baseline.) 

Depression/Lethargy i point per day 

Dehydration 2 points per day 

Nasal Discharge i point per day 

Ocular Discharge i point per day 

Respiratory Distress: 

Tachypnea 2 points per day 

Dyspnea 4 points per day 
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E. RESTTT.TS 

At one month following inoculation with the NCSU-1 strain of FIV 60% 
Of the control cats were found to be virenuc (Figure 9). Cats vaccinated with RRPV-FiC 
sag were aU negative for FIV. 40% of d.e cats vaccinated with RRPV-FIV e.vAB were 
varus positive, and 20% of the cats vaccinated with a combination of these two viruses 
were viremic (Figure 9). n^erefore, the ability of the test vaccines to prevent viremia at 
this tmie point varied from 33 % to 100% (Figure 10). 

At three months after FIV challenge. 80% of the control cats were found to 
be Virus positive (Figure 9). Sunilarly. FIV could be isolated from peripheral blood 
mononuclear cells of nearly all vaccinated cats using this very sensitive method (Figure 9) 

With respect to immune status. 80% of the control cats shdwed evidence of 
CD4:CD8 lymphocyte ratio inversions (i.e. ratios less than 1.0) at d^ee months (Figure 
9)^ In contrast, only 30% of the RRPV-,a, vaccinated cats had evidence of significant 
CD4:CD8 inversions, and the RRPV-FIV .nvAB vaccinates were similarly protected from 
this lymphocyte subset change (Figure 9). Cats vaccinated with a combination of the two 
recombmant viruses were not significantly different from the controls (i.e. 80% showed 
CD4:CD8 mversions) at 3 months after challenge (Figure 9). 

At 9 momhs after FIV challenge. 100% of the control cats were FIV 
mfected, and all showed CD4:CD8 inversions (Figure 9). A large percentage of the 
vaccinated cats were also shown to be viremic at this time point. However, only 50% of 
the RRPV-FIV gag vaccinates and 20% of the RRPV-FIV envAB vaccinates showed 
evidence of CD4:CD8 inversions at this time point. THerefore, these t.o vaccines sHo^ed 
a sigmficam abiUty to prevent the CD4:CD8 lymphocyte ratio changes associated ^ith FJV 
infection even though the cats appeared to be viremic (Figure 10). 

In order to determine whether CD4:CD8 lyn^hocyte subset inversions 
sigmfied a deterioration in the immune system of cats following FIV infection (and 
conversely, diat lack of inversion in vaccinates signified maintenance of immune fimction) 
vaccmated and control cats (from groups 1, 2. 3. 4, and 6) were challenged with 
Toxoplasma gondii. This parasite causes subclinical infections in nonnal cats, but has 
been reported to cause severe disease in cats that are immmiocompromised due to FIV 
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infection (Davidson et al.. Am, 7. PathoL 142:1486, 1993). Following T, gondii 
challenge, control cats displayed ocular discharge, nasal discharge, dyspnea, and fever. 
The average total clinical score for control cats was 15.6 (Figure 11). By comparison, 
there was a 41% reduction in clinical disease scores in RRPV-FTV gag vaccinated cats, 
related to reductions in clinical signs of ocular discharge and dyspnea (Figure 11). The 
clinical picture following T. gondii challenge was even less severe in RRPV-FTV envAB 
vaccinated cats. This group showed a 92% decrease in ocular signs, 75% decrease in 
nasal discharge. 73% reduction in dyspnea, and 58% decrease in overall clinical scores 
(Figure 11). Further, 80% of the control cats displayed weight loss in the first 14 days 
after challenge, compared to weight loss in only 44% of the RRPV-FTV gag vaccinates 
and 50% of the V-FIV envAB vaccinates. Therefore, control cats were more susceptible 
to induction of disease by this opportunistic pathogen than vaccinated cats . 

These data suggest that vaccination altered the progression of clinical disease 
caused by this virus (i.e. induction of immxme suppression). This is indicated by a lower 
rate of CD4:CD8 inversions in vaccinated cats and by a decreased susceptibility to 
infection with the opportunistic pathogen T. gondii. 
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What is plaiTpf^^ j^. 



1 - A recombimnt raccoon poxvirus having at least one internal gene 
comprising a DNA sequence encoding the envelope protein of Feline Innnunodeficiency 
Vmis (HV) or immunogenic fragments therefrom. 

2. The recombinant raccoon poxvirus of claim 1 wherein said internal 
gene encodes the FTV envelope protein having the amino acid sequence as set out in 
Figure 3 or unmunogenic fragments therefrom. 

3 : The recombinant raccoon poxvirus of claim 2 wherein said internal 
gene encodes amino acids 1-735 of the FIV envelope protein. 

4. A vaccine comprising: 

a recombinant raccoon poxvirus having at least one internal gene 
comprising a DNA sequence encoding envelope protein &f Feline Immunodeficiency Virus 
(FTV) or immunogenic fragments therefrom, and 

a pharmaceutically acceptable carrier or diluent. 

5. The vaccine of claim 4 further comprising a pharmaceutically 
acceptable adjuvant. 



6. The vaccine of claim 6 wherein said internal gene encodes the FIV 
envelope protein having the amino acid sequence as set out in Figure 3 or immunogenic 
fragments therefrom. 



7. The vaccine of claim 4 wherein said internal gene encodes amino 
acids 1-735 of the FTV envelope protein. 

8. The vaccine of claim 4 further comprising immunogens derived 
from viruses selected from the group consisting of feline leukemia virus, feline 
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panleucopenia virus, feline rhinotracheitis virus, feline calicivirus, feline infectious 
peritonitis virus, feline herpesvirus, feline enteric coronavirus, or mixtures thereof. 

9. The vaccine of claim 4 further comprising inactivated or attenuated 
feline Chlamydia psittaci, Microsporum canis, or mixtures thereof. 

10. A recombinant raccoon poxvirus having at least one internal gene 
comprising a DNA sequence encoding the gag protein of Feline Immunodeficiency Virus 
(FTV) or immunogenic fragments therefrom. 

11. The recombinant raccoon poxvirus of claim 10 wherein said mtemal 
gene encodes the FIV gag protein having the amino acid sequence as set put in Figure 5 or 
immunogenic fragments therefrom. 



12. A vaccine comprising: 

a recombinant raccoon poxvirus having at least oiie internal gene 
comprising a DNA sequence encoding gag protein of Feline Immunodeficiency Virus 
(FTV) or immunogenic fragments therefrom, and 

a pharmaceutically acceptable carrier or diluent. 

13. The vaccine of claim 12 further comprising a pharmaceutically 
acceptable adjuvant. 

14. The vaccine of claim 12 wherein said internal gene encodes the FIV 
gag protein having the amino acid sequence as set out in Figure 5 or immunogenic 
fragments therefrom. 

15. The vaccine of claim 12 further comprising immunogens derived 
from viruses selected from the group consisting of feline leukemia virus, feline 
panleucopenia virus, feline rhinotracheitis virus, feline calicivirus, feline infectious 
peritonitis virus, feline herpesvirus, feline enteric coronavinis, or mixtures thereof. 
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16. The vaccine of claim 12 further comprising inactivated or attenuated 
felme Chlamydia psittaci, Microsponm canis, or mixtures thereof. 

• 17. A vaccine comprising: 

a first recombinant raccoon poxvirus having at least one internal 
gene comprising a DNA sequence encoding a member selected from the group consisting 
of the gag and envelope proteins of Feline Immunodeficiency Virus (FIV) or immunogenic 
fragments therefrom; 

a second recombinant raccoon poxvirus having at least one internal 
gene comprising a DNA sequence encoding a member selected from die group consisting 
of the gag and envelope proteins of Feline Immunodeficiency ■ Virus (FIV) or 
immunogenic fragments therefrom; and 

a phaimaceutically acceptable carrier or diluent. 

18. n,e vaccine of claim 17 further comprismg a phaimaceuticaUy 
acceptable adjuvant. 

• 19. A method for preventing or lessening disease caused by Feline 
Immunodeficiency Virus (FIV). comprising administering to a feline in need of such 
treamient a vaccine comprising a recombinant raccoon poxvirus havmg at least one 
mtemal gene comprising a DNA sequence encoding the envelope protein of Feline 
Immunodeficiency Vuiis (FIV) or immunogenic fragments therefrom. 

20. The method of claim 19 wherein said internal gene encodes die FIV 
envelope protein having the amino acid sequence as set out in Figure 3 or immunogenic 
fragments thereof. 

21. A method for preventing or lessening disease caused by Feline 
Immunodeficiency Virus (FIV). comprising administering to a feline in need of such 
treatment a vaccine comprising a recombinant raccoon poxvirus having at least one 
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internal gene comprising a DNA sequence encoding the gag protein of Feline 
Inununodeficiency Virus (FIV) or immunogenic fragments therefrom. 

• 22. The method of claim 21 wherein said internal gene encodes the FIV 
gag protein having the amino acid sequence as set out in Figure 5 or immunogenic 
fragments thereof. 
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550 560 570 580 590 ' £00 

* * * * * » 

GGTAGTATGG AGACTTCCAC CATTAGTAGT CCCAGTAGAA GAATCAGAAA TAATTTTTTG 
CCATCATACC TCTGAAGGTG GTAATCATCA GGGTCATCTT CTTAGTCTXT ATTAAAAAAC 
VVW RLP PLVV PVE ESE IXFW> 



610 620 630 640 650 



660 



GGATTGTTGG GCACCAGAAG AACCCGCCTG TCAGGACTTT CTTGGGGCAA TGATACATCT 
CCTAACAACC CGTGGTCTTC TTGGGCGGAC AGTCCTGAAA GAACCCCGTT ACTATGTAGA 
DCW APE EPAC QDF LGA M X HL> 



670 680 690 . 700 710 



* 



720 



AAAAGCTAAG ACAAATATAA GTATACGAGA GGGACCTACC TTGGGGAATT GGGCTAGAGA 
TTTTCGATTC TGTTTATATT CATATGCTCT CCCTGGATGG AACCCCTTAA CCCGATCTCT 
KAK TNI SIRE GPT LGN WARE> 

730 740 750 760 770 780 

****** 
AATATGGGCA ACATTATTCA AAAAGGCTAC TAGACAATGT AGAAGAGGCA GAATATGGAA 
TTATACCCGT TGTAATAAGT TTTTCCGATG ATCTGTTACA TCTTCTCCGT CTTATACCTT 
IWA TL F KKAT RQC RRG RI WK> 

790 800 810 820 830 840 

****** 
AAGATGGGAT GAGACTATAA CAGGACCATC AGGATGTGCT AATAACACAT GTTATAATGT 
TTCTACCCTA CTCTGATATT GTCCTGGTAG TCCTACACGA TTATTGTGTA CAATATTACA 
RWD ETI TGPS GCA NNT CYNV> 

950 860 870 880 890 900 

* * * • * « 
TTCAGCAATA GTACCTGATT ATCAGCGTTA TTTAGATAGA GTAGATACTT GGTTACAAGG 
AAGTCGTTAT CATGGACTAA TAGTCGCAAT AAATCTATCT CATCTATGAA CCAATGTTCC 

SAI VPD YQRY LDR VDT WI,QG> 

910 920 930 940 950 960 

****** 
GAAA ATAAAT ATATCATTAT GTCTAACAGG AGGAAAAATG TTGTACAATA AAGTTACAAA 
CTTTTATTTA TATAGTAATA CAGATTGTCC TCCTTTTTAC AACATGTTAT TTCAATGTTT 
KIN ISL CLTG GKM LYN KVTK> 

970 980 990 1000 1010 1020 

* * * * * * 
ACAATTAAGC TATTGTACAG ACCCATTACA AATCCCACTG ATCAATTATA CATTTGGACC 
TGTTAATTCG ATAACATGTC TGGGTAATGT TTAGGGTGAC TAGTTAATAT GTAAACCTGG 

QLS YCT DPL Q IPL Z U Y TFGP> 

1030 1040 1050 1060 1070 1080 

****** 
TAAT CAAA CA TGTATGTGGA ATACTTCACA AATTCAGGAC CCTGAAATAC CACAATGTGG 
ATTAGTTTGT ACATACACCT TATGAAGTGT TTAAGTCCTQ GGACTTTATG GTGTTACACC 
MQT CMW NTSQ IQD PEI PQCG> 
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2-"0 * 1B40 1650 1660 1670 igflo 

• * * « ^ 
ATCTGACTTG CCAXCGTCAX GGGGGTATAT GAATTGTAAT TGCCCAAATA GTAGTAGTAr 
TAGACTGAAC GGTAGCAGTA CCCCCAXATA CTTAACATTA ACGGGTTTAT CATCAtStt 

SDL PSS WGYM NCN C PN S S s s> 

iS90 1700 1710 1720 1730 1740 

TTATAGTGGT ACTAAAATGG CATGTCCTAG CAATCGAGGC ATCTTAAGGA ATTGGTATAA 
AATATCACCA TGATTTTACC GTACAGGATC GTTAGCTCCG TAGAATTCCT TAACCATatt 
YSGTKMACPS NRGILRN W Y ^ 

1750 1760 1770 1780 1790 1800 

* . * • * * . - ^ 
CCCAGTAGCA GGATTACGAC AATCCTTAGA ACAGTATCAA GTTGTAAAAC AACCAGATTA 
GGGXCATCGT CCTAATGCTG TTAGGAATCT TGTCATAGTT CAACATTTTG TTGGTrTAAT 

PVA GLR QSLE QYQ VVK Q p J J> 

1810 1820 1830 1840 1850 



1860 

CTTACTGGTC CCAGAGGAAG TCATGGAATA TAAACCTAGA AGGAAAAGGG CAGCTATTCA 
GAATGACCAG GGTCTCCTTC AGTACCTTAT ATTTGGATCT TCCTTTTCCC GTCGAXAAGX 
h L V PEE VMEY KPR RKR AAIH> 

1870 1880 1890 1900 1910 1920 

****** 
TGXXAXGXXG OCXCXXGCAA CAGXATTATC TAXTGCCGGT GCAGGGACGG GGGCXACXGC 
ACAAXACAAC CGAGAACGXX GXCAXAAXAG AXAACGGCCA CGXCCCXGCC CCCGAXGACG 
VML ALA XVLS lAG AGT GAXA> 

1930 1940 1950 1960 1970 1980 

* * * . * * ^ 

XAXAGGGAXG GXAACACAAX ACCACCAAGX XCXGGCAACC CAXCAAGAAX CXAXGGAAAA 
AXAXCCCXAC CAXXGXGXXA XGGXGGXXCA AGACCGXXGG GXAGXXCXXA GATACCXXXX 
IGM*VXQ YHQV LAT HQE SMEK> 



1990 2000 2010 2020 2030 

* Spel 

GGTGACXGAA GCCXXAGAGA XAAACAACXT AAGGXTAGXT ACAXTAGAGC AXCAAGXACT 
CCACXGACXX CGGAAXCXCX AXXXGXXGAA XXCCAAXCAA TGXAAXCXCG XAGXXCATGX 
VXE ALE INNL RLV XLE HQVL> 

2050 2060 2070 2080 2090 2100 

****** 
AGTAAXAGGA TTAAAAGXAG AAGCXAXGGA AAAAXTXXXA XAXACAGCXX XCGCXATGCA 
TCAXTAXCCX AAXXXXCAXC XXCGAXACCX XXXXAAAAAX AXAXGXCGAA AGCGAXACGT 
VIG LKV EAME KFL YXA FAMO 

FIG. 3D 



SUBSTITUTE SHEET (RULE 26) 

Bh4SDCX;iD: <WO 9640268A1> 



wo 96/40268 



PCT/US96/08508 



7/18 



" . »ao „3. 

AGAATTAGGA TGTAATCCAA ATCAATTTTT eTrria.mm^ ^« * * 

^Trv j^r^ ssssss Si? 

SKI PLE LHTR> 

'"1 

~ ~= S M 

"Frf TT^F — 

'"I a330 33« 

~ TTT^ ™?S ~ S 

° Q L P K W E D W V R> . 

^3,0 a«. 

s ps?^? s 

2410 2420 2430 2440 ^A^r^ 

* » , 24S0 2460 

« IJSS s= SII? ~ K 
SSS^ JSJSSiJJ ^-^-^-^ 



E- V E G E E I> 



2530 2540 2SS0 2S60 

ACAACCACAA ATGGAATTGA GGAGAAATGG TAGCCAATT^ r^^^-rr-^r^l 

"rTT ^if ™^ f^pT= rrf^ 

^"e ' Lr 

GGAATGATGA AGTATCTCAG ACTTATTTTA TAArtr:/-a/-ii^ * * 

c=2«:.^ Tc»T«^ ^.SIS IJSI ?Sc=SSJ? SISSSS 

FIG. 3E 



SUBSTTTUTE SHEET (RULE 26) 



wo 96/40268 



PCTAJS96/08S08 



8/18 



2«0 . 2660 2670 2680 2690 2700 

TTGAGGAAGG TATGTCATAT GAATCCATTT CC3AACCAAAT CAAACTAATA AAGTATGTAT 
AACTCCTTCC ATACAGTATA CTTASGTAAA GCTTGGTTTA GTTTGATTAT TtSJJ^SI 

2710 2720 2730 2740 2750 2760 

* * • * * . 

TGTAAGGTAA AAGGAAAAGA CAAA6AAGAA GAA6AAAGAA GAAAGCTTTC AAGAGGATGX 
ACATTCCATT TTCCTTTTCT GTTTCTTCTT CTTCTTTCTT CTTTCGAAAG TTCTCCTACT 



2770 2780 2790 2800 2810 



* 



2820 



TGACAGAGTT AGAAGATCGC TTCAGGAAGC TATTTGGCAC GACTTCTACA ACGGGAGArA 
ACTGTCTCAA TCTTCTAGCG AAGTCCTTCG ATAAACCGTG CTGAAGATGT TGCCCTCTGT 



2330 2840 2850 2860 2870 



2880 



GCACAGTAGA TTCXGAAGAT GAACCTCCTA AAAAAGAAAA AAGGGTGGAC TGGGATGAGT 
CGTGTCATCT AAGACTTCTA CTTGGAGGAT TTTTTCTTTT TTCCCACCTG ACCCTACTCA 

2890 2900 2910 2920 2930 2940 



ATTGGAACCC TGAAGAAATA GAAAGAATGC TTATGGACTA GGGACTGTTT ACGAACAAAT 
TAACCTTGGG ACTTCTTTAT CTTTCTTACG AATACCTGAT CCCTGACAAA TGCTTGTTTA 

2950 2960 2970 2980 2990 3000 

GATAAAAGGA AATAGCTAAG CATGACTCAT AGTTAAAGCG CTAGCAGCTG CTTAACCGCA 
CTATTTTCCT TTATCGATTC GTACTGAGTA TCAATTTCGC GATCGTCGAC GAATTGGCGT 

3010 3020 3030 3040 3050 3060 

***** 
AAACCACATC CTATGTAAAG CTTGCTAATG ACGTATAAGT TGTTCCATTG TAAGAGTATA 
TTTGGTGTAG^GAXACATTTC GAACGATTAC TGCATATTCA ACAAGGTAAC ATTCTCATAT 

3070 3080 3090 3100 3110 3120 

* ***** 
TAACCAGTGC TTTGTGAAAC TTCGAGGAGT CTCTCCGTTG AGGACTTTCG AGTTCTCCCT 
ATTGGTCACG AAACACTTTG AAGCTCCTCA GAGAGGCAAC TCCTGAAAGC TCAAGAGGGA 

3130 3140 3150 3160 3170 3180 

* * * • » * 
XGAGGCTCCC ACAGATACAA TAAATATTTG AGATTGAACC CTGTCAAGTA TCTGTGTAAT 
ACTCCGAGGG TGTCTATGTT ATTTATAAAC TCTAACTTGG GACAGTTCAT AGACACATTA 

3190 3200 3210 3220 

* * • » 
CTTTTTTACC TGTGAGGTCT CGGAATCCGG GCCGAGAACT TCGCA 
GAAAAAATGG ACACTCCAGA GCCTTAGGCC CGGCTCTTGA AGCGT 

FIG. 3F 
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^0 20 30 40 50 60 

ATGGGGAATG GACAGGGGCG AGATTGGAAA ATGGCCATTA AGAGATGTAG TAATGCTGCT 

TACCCCTTAC CTGTCCCCGC TCTAACCTTT TACCGGTAAT TCTCTACATC ATTACGACGA 

MAI KRCS NAA> 

> pl5 Matrojc protein 

80 90 100 110 120 

****** 
GTAGGAGTAG GGGGGAAGAG TAAAAAATTT GGGGAAGGGA ATTTCAGATG GGCCATTAGA 
CATCCTCATC CCCCCTTCTC ATTTTTTAAA CCCCTTCCCT TAAAGTCTAC CCGGTAATCT 
VGV GGKS KKF GEG NFRW A I R> 

130 140 150 ISO 170 180 

***** 
ATGGCTAATG TATCTACAGG ACGAGAACCT GGTGATATAC CAGAGACTTT AGATCAACTA 
TACCGATTAC ATAGATGTCC TGCTCTTGGA CCACTATATG GTCTCTGAAA TCTAGTTGAT 
MAM VSTG REP GDI PETL d 'ql> 

200 210 220 230 • 240 

AGGTTGGTTA TTTGCGATTT ACAAGAAAGA AGAAAAAAAT TTGGATCTTG CAAAGAAATT 
TCCAACCAAT AAACGCTAAA TGTTCTTTCT TCTTTTTTTA AACCTAGAAC GTTTCTTTAA 
RLV ICDL QER RKK TGSC KE1> 

250 260 270 280 290 300 

* * * * * * 
GATAAGGCAA TTGTTACATT AAAAGTCTTT GCGGCAGTAG GACTTTTAAA TATGACAGTG 
CTATTCCGTT AACAATGTAA TTTTCAGAAA CGCCGTCATC CTGAAAATTT AXACTGTCAC 

DK A I,VTL KVF AAV GLLN MTV> 

310 320 330 340 350 360 

***** 
TCTTCTGCTG CTGCAGCTGA AAATATGTIC ACTCAGATGG GATTAGACAC XAGACCATCT 
AGAAGACGAC GACGTCGACT TTTATACAAG TGAGTCTACC CTAATCTGTG ATCTGGTAGA 
SSA AAAE NMF TQM GLDT RPS> 

370 * 380 390 400 410 420 

* * * * * ^ 
ATGAAAGAAG CAGGAGGAAA AGAGGAAGGC GCTCCACAGG CATTTCCTAT TCAAACAGTA 
TACTTTCTTC GTCCXCCTTT TCTCCTTCCG GGAGGTGTCC GTAAAGGATA AGTTTGTCAT 

MKE AGGK EEG PPQ AFPI QTV> 

pis < > 

Capaid procein 

430 440 450 460 470 480 

****** 

AATGGAGTAC CACAATATGT AGCACTTGAC CCAAAAATGG TGTCCATTTT TATGGAAAAG 
TTACCrCATG GTGTTATACA TCGTGAACTG GGTTTTTACC ACAGGTAAAA ATACCTTTTC 
NGV PQYV ALD PKM VSIF MEK> 

490 500 510 520 530 540 

* * ♦ * * * 
GCAAGAGAAG GATTAGGAGG TGAGGAAGTT CAGCTATGGT TCACTGCCTT CTCTGCAAAT 
CGTTCTCTTC CTAATCCTCC ACTCCTTCAA GTCGATACCA AGTGACGGAA GAGACGTTTA 

ARE GLG'G E^V^QLW FTAF SAN> 
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1030 1040 1050 1060 1070 



if 



1080 



AAGTTGAGAG CTTGTCAAGA AATAGGCTCA CCAGGATATA AAATGCAACT CTTGGCAGAA 
TTCAACTCTC GAACAGTTCT TTATCCGAGT GGTCCTATAT TTTACGTTGA GAACCGTCTT 
KLR ACQE IGS PG Y KMQL LAE> 

p2S < > 

Nucleocapaid 

1090 1100 1110 1120 1130 .1140 

* * * * * * 
GCTCTTACAA AAGTTCAAGT AGTGCAATCA AAAGGATCAG GACCAGTGTG TTTTAATTGT 
CGAGAATGTT TTCAAGTTCA TCACGXTACT TTTCCTAGTC CTGGTCACAC AAAATTAACA 

ALT KVQV VQS KGS GPVC T U O 

1150 1160 1170 1180 1190 1200 

* * * * * * 
AAAAAACCAG GACATCTAGC AAGACAATGT AGAGAAGTGA GAAAAXGTAA TAAATGTGGA 
TTTTTTGGTC CTGTAGATCG TTCTGTTACA TCTCTTCACT CTTTTACATT ATTTACACCT 

KKP GHLA RQC REV RKCK KCG> 

1210 1220 1230 1240 1250 1260 

* * * « # ^ 
AAACCTGGTC ATGTAGCTGC GAAATGrTGG CAAGGAAATA GAAAGAATTC GGCaUUlCrGG 
TTTGGACCAG TACATCGACG GTTTACAACC GTTCCTTTAT CTTTCTTAAG CCCTTTGACC 

KPG HVAA KCW QGN R KN S GNW> 

1270 1280 1290 1300 1310 1320 

* ***** 
AAGGCGGGGC GAGCTGCAGC CCCAGTGAAT CAAGTGCAGC AAGCAGTAAT GCCATCTGCA 
TTCCGCCCCG cfCGACGTCG GGGTCACTTA GTTCACGTCG TTCGTCATTA CGGTAGACGT 

KAG RAAA PVN QVQ Q AVM PS A> 

1330 1340 13S0 

* « * 

CC7CCAATGG AGGAGAAACT ATTGGATTtA TAA 
GGAGGTTACC TCXTCTTTGA TAACCTAAAT ATT 
PPM EEKL LDL> 
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